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ABSTRACT 
In developing an automobile seat, comfort and human health are the most 
fundamental factors to be considered in design. Seat comfort can be improved 
from various aspects including material used for seat fabrication. Regarding to 
this matter, coconut fiber has exhibits many exceptional qualities which suggest it 
may enhance seat comfort and it is also economic. This study is aimed to 
determine the vibration comfort of two layers and three layers coconut fiber car 
seat at 40, 60 and 80 rpm by subjective rating and experiment. The result is later 
compared with result of unmodified car seat in the same condition. This study 
does not include seat-back measurement and the heat distribution of the cushion. 
Five male and five female subjects sat on the car seat mount on the transportation 
simulator which expose to three different rotational speed: 40, 60 and 80 rpm. 
Results of subjective rating, showed that majority subjects select three layers 
coconut fiber car seat as the most comfortable car seat. This finding is proved by 
the experimental data, where the vibration transmitted to the subjects when sitting 
on three layers coconut fiber car seat is the lowest compared with unmodified car 
seat is the highest. Three layers coconut fiber car seat is chosen as the most 
comfortable car seat through subjective rating. Vomit probability for the testing is 
relatively low, from 2.16% to 26.33% only and none subjects complaint that they 
are not feeling well. 
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INTRODUCTION 
For many car drivers, comfort and ride feeling are the most important criteria for 
buying a car. Therefore it is important to have an excellent car seat design to 
minimize the transmission of vibration at these frequencies. Nowadays, people 
are depend on car to travel from one place to another. However sitting in 
transportation for a long period can expose our body to the whole-body vibration. 
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Vibration can affect performance of body by causing parts of the body essential 
to the task to resonate. 
The idea of using coconut fibre as the fillings of the car seat is not new. This 
natural, crinkled coconut fibre is highly resilient and neutral in smell. It is the 
only natural fibre which is highly rot-resistant. Coconut fibre is also an 
economically sounding candidate as it is cheap and readily available. 
The aim of this study is to compare the vibration comfort of the coconut fibre 
car seats with unmodified car seat in terms of vibration acceleration and by 
subjective rating. It is also determine the subjects' vomit percentage during the 
testing. The obtained vibration acceleration will be used to check whether health 
effect will occur during vibration exposures of 4 hours and 8 hours. 
There are a variety of measures have been proposed and used to evaluate 
whole body vibration dosage, and the most common method is the ISO 2631 
standard. The human body is both physically and biologically a "system" of an 
extremely complex nature, where it is marked as "thorax-abdomen system" 
(Rasmussen 1998; Broach 1980). When looked upon as a mechanical system it 
can be considered to contain a number of linear as well as non-linear "elements", 
and the mechanical properties are quite different from person to person. Guidance 
for establishing the probability of whole-body vibration causing motion sickness 
is obtained by forming the motion sickness dose value, MSDVz (Bovenzi & 
Hulshof 1998). This MSDVz values are then use to determine the percentage of 
subjects' who may vomit. 
The characteristic of coconut fibre and Flexible Polyurethane foams have been 
compared. Polyurethane has the tensile strength property in the range of 13.59-
33.98 MPa, water absorption of 1.82-2.40 % and pH value larger than 7. 
Besides, Polyurethane is hard to obtain because this material are made from the 
mixture of petroleum chemical. In the contrast, coconut fibre has a higher 
strength property, which is in the range of 108.26-251.90 MPa. Coconut fibre 
also shown a higher percentage of water absorption, in the range of 22-38% and 
it has the pH value in the range of 5.5 to 6.5.. 
METHODOLOGY 
Subjective Rating and Vibration Measurement 
The car seat comfort was determined by 10 subjects at different rotational speed 
as shown in Table 1. This experiment was performed by using the Transportation 
Simulator. Car seat was mounted on the simulator. The subject was requested to 
sit on the car seat cushion. Vibration transmitted from the Transportation 
Simulator to the human body at x, y and z axes through the car seat and trace by 
the Seat Pad Accelerometer. The accelerometer was attached to the car seat 
surface when the transportation simulator operated. For Whole Body Vibration 
measurement, the meter was monitored continuously. Before the testing, the 
measurement parameter should be set; x-axis: Wd, y-axis: Wd, z-axis: Wk, time 
weighting: slow, duration: 2 minutes. At the same time, a tachometer was used to 
measure the rotation speed of the transportation simulator. This vibration 
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measurement was tested with a few set of rotational speed, which are: 40 rpm, 60 
rpm and 80 rpm. The steps was repeated until comfort test for unmodified car 
seat, 2 layers coconut fibre car seat, and 3 layers coconut fibre car seat was done. 
The data obtained in the Human Vibration Meter was transferred into the 
computer through cable RS-232 and was analyzed by using the "BLAZE" 
software. This study involves only a few volunteer subjects, so the findings may 
not represent a larger population. It is emphasizes more on vibration comfort and 
neglect heat distribution and durability of the car seat. The using of transportation 
simulator may cause the comfort test result vary from the comfort in the actual 
vehicle. 
TABLE 1 Details of age, weight and height of the subjects 
Age Height (cm) Weight (kg) 
Subject 1 23 176 63 
Subject 2 24 170 63 
Male Subject 3 23 170 63 
Subject 4 24 172 65 
Subject 5 23 168 66 
Subject 6 23 158 48 
Subject 7 23 161 50 
Female Subject 8 24 155 54 
Subject 9 24 158 48 
Subject 10 23 155 49 
Long Term Vibration Exposure 
When long term expose with high intensity whole body vibration, it can risk our 
health, mainly the lumbar spine and connected nervous system. By assuming 
responses are related to energy, the vibrations are equivalent when: 
«„f7Y/! = aw2-T2A (1) 
By applying the above formula with T\ = 120s, T2 = 14400s, and aw\ = value 
of acceleration obtained during testing, the magnitude of weighted acceleration 
for 4 hours, aw2 can be obtained. The results of the vibration acceleration are then 
check whether is it in the caution zone. 
Motion Sickness Dose Value 
Guidance for establishing the probability of whole-body vibration causing motion 
sickness is obtained from international standard ISO 2631-f by forming the 
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motion sickness dose value, MSDVz (Bovenzi 1998). The MSDVz should be 
determined from motion measurement throughout the full period of exposure. 
M S D V , M [ a w { t ) - \ 2 d t ] Y (2) 
where aw{t) is the frequency-weighted acceleration in z direction T is the total 
period (in seconds) during which motion occur. The percentage of person who 
may vomit can be calculated as: 
P = KM (MSDVz) (3) 
where KM is a constant equal to about one-third for a mixed population of males 
and female. Note that females are more prone to motion sickness than males 
(Cyril 2002). 
The acceptable values of vibration magnitude depend on many factors which 
differ with each application. Therefore, a scale rating system as shown in Table 4 
was developed in order to obtain quantitative information regarding subjective 
levels of comfort for each situation. 
TABLE 4 Scale rating system (Huston & Zhao 2000) 
Rate Condition 
1 
2 
Comfortable 
3 
4 
Slightly uncomfortable 
5 
6 
Mildly uncomfortable 
7 
8 
Very uncomfortable 
9 Extremely uncomfortable 
10 Painful 
RESULTS AND DISCUSSION 
The range of equivalent acceleration, (Aeq) for 2 layers for unmodified car seat 
when driving at 40 rpm, 60 rpm and 80 rpm are relatively higher when compare 
with Aeq for 3 layers see in Figure 1. This experiment proved that the coconut 
fiber car seats are able to reduce the transmissions of vibration to human body 
compare with unmodified car seat. By applying the value of Aeq obtain from 
testing into energy formula in Equation (1), the value of weighted acceleration, 
aw2 at 4 hours and 8 hours can be calculated. There are health effect for 4 and 8 
hours exposure at 60 rpm and 80 rpm. At 4 hours exposure, the intersection 
points for various types of car seats are within the caution zone. This is due to 
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high acceleration value. The range of the acceleration magnitude at 60 rpm is less 
than in 80 rpm. This effect was same with 8 hours exposure as shown in Figure 
1-4. 
Aeq, m/s 
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FIGURE 1 The equivalent acceleration, Aeq (m/s2) received by the models for 
different type of car seats at different rotational speed. 
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FIGURE 2 4 hours exposure of 40 rpm plot into the diagram (Subject 1) 
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FIGURE 3 4 hours exposure of 60 rpm plot into the diagram (Subject l) 
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FIGURE 4 4 hours exposure of 80 rpm plot into the diagram (Subject 1) 
The value of aw2 in 4 hours driving, the results shown in Figure 5 based to the 
rotational speed, at 40 rpm, 60 rpm and 80 rpm. As pointed in Figure 5, the 
intersection point of 4 hours exposure and weighted acceleration aw2 at 40 rpm for 
unmodified car seat, 2 layers and 3 layers coconut fibre car seats are all below the 
caution zone. From this figure the intersection point of 4 hours exposure and 
weighted acceleration aw2 at 60 rpm and 80 rpm for unmodified car seat, 2 layers 
and 3 layers coconut fibre car seats are all inside the caution zone. This means 
that for rotational speed of 60 rpm and 80 rpm, the exposure time of 4 hours can 
bring health effect to the passenger. By using formula (1) the exposure time for 8 
hours can be calculated and gives same effect with 4 hours exposure. 
aw2, m/s2 , 
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FIGURE 5 The results of aw2 for 4 hours of 10 subjects with various type of car 
seat at 40, 60 and 80 rpm. 
The acceptable values of vibration magnitude depend on many factors which 
differ with each application. Therefore, a scale rating system as shown in Table 4 
was developed in order to obtain quantitative information regarding subjective 
levels of comfort for each situation. The results of subjective comfort rating of 
unmodified car seat, 2 layers coconut fibre car seat and 3 layers coconut fibre car 
seat at 40, 60 and 80 rpm are plotted in Figure 6. From Figure 6, it shows most 
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subjects are able to feel the comfort difference between the car seats at low and 
medium acceleration speed, which are 40 rpm and 60 rpm. At 40 rpm, 4 subjects 
claim that 3 layer coconut fibre car seat were most comfort, follow by 2 layer 
coconut fibre car seat and lastly unmodified car seat. Another 5 subjects felt no 
difference between 2 layers coconut fibre and 3 layers coconut fibre car seat. 
However, they felt that unmodified car seat were slightly uncomfortable 
compared to 2 or 3 layers coconut fibre car seat. There was 1 subject felt that 2 
layer coconut fibre car seat was most comfortable, followed by 3 layers coconut 
fibre car seat and lastly unmodified car seat. However, when reaching 80 rpm, 
quite a numbers of the subject failed to recognize the comfort difference. 50% of 
the subjects felt that the comfort for unmodified car seat, 2 layers coconut fibre 
car seat and 3 layers coconut fibre car seat are the same. 
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FIGURE 6 Results of subjective rating of comfort due to unmodified car seat, 2 
layer coconut fibre car seat and 3 layer coconut fibre car seat at 40, 60 and 80 rpm. 
Motion sickness Dose Value is obtained by the square root of the integral of 
the square of the z-axis acceleration. The result of MSDVZ than was used to 
present the percentage of subjective may vomit as shown in Figure 7. From Figure 
7, it indicates that the range for the value of percentage person may vomit are the 
lowest for 3 layer coconut fibre car seat, follow by 2 layers coconut fibre car seat 
and most highest percentage range for unmodified car seat at each rotational 
speed. At 40 rpm, the range of the percentage value for unmodified, 2 layer 
coconut fibre and 3 layer coconut fibre car seat are 2.70%-9.89%, 2.16%-4.80% 
and 2.24%-4.56%. At 60 rpm, the range of the percentage value for unmodified, 2 
layer coconut fibre and 3 layer coconut fibre car seat are 6.84%-14.90%, 5.52%-
9.06% and 5.12%-9.03%. At 80 rpm, the minimum and maximum value of the 
percentage vomit for unmodified, 2 layer coconut fibre and 3 layer coconut fibre 
car seat are 13.47%-26.33%, 11.57%-18.59% and 10.15%-18.09%. The overall 
values of the percentage for a person to vomit are relatively low, so this explains 
why none of subject undergoes this testing complain that they are not feeling well. 
Unmodified 2 layers mat 3 layers mat 
Y • 
40 60 80 40 60 80 40 60 80 ,RPM 
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FIGURE 7 The results of percentage may vomit for 10 subjects with unmodified 
car seat, 2 layers coconut fibre car seat and 3 layers coconut fibre car seat at 
different rotational speed 
CONCLUSION 
Result from the experiment proves that the 3 layers coconut fibre car seat is the 
most comfort car seat to be seated. By the using of measurement equipment 
(HVM 100), it shows that the magnitude of vibration transmitted to the subjects' 
body is the lowest for 3 layers coconut fibre car seat, followed by 2 layers 
coconut fibre car seat and the highest magnitude for unmodified car seat. The 
result for subjective rating of comfort level also proved that the 3 layers coconut 
fibre car seat is the most comfortable car seat during rotational speed of 40 rpm, 
60 rpm and 80 rpm. By applying the value of Aeq obtain from testing into energy 
formula, the value of weighted acceleration, aw2 at 4 hours and 8 hours can be 
calculated. There will be health effect for 4 and 8 hours exposure at 60 rpm and 
80 rpm. The percentage may vomit for the subjects can be calculated by 
considering acceleration at z-axis. From the calculation, it exhibits the low 
percentage of the subjects may vomit in 3 layers coconut fiber after modification 
of car seat. 
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